The aim of this study was to establish a link between the highly expressed angiotensin II (Ang II) type 2 receptor (AT 2 ) in human fetal adrenal cells and the proposed apoptotic activity in the center of the gland. There was an important increase in apoptotic DNA fragmentation with age in adrenal glands of fetuses from 15-20 weeks gestation. Adrenal cells showing the characteristic apoptotic internucleosomal DNA fragmentation were localized in the central portion of the fetal zone. In cells cultured for 24 h, Ang II, via the AT 2 receptor, induced DNA fragmentation and cleavage of the DNA repair enzyme, poly-(ADP-ribose) polymerase. Furthermore, characteristic membrane blebbing was observed specifically on cells of the fetal zone.
Immunofluorescence studies demonstrated that stimulation with Ang II or CGP 42112 (an agonist of the AT 2 receptor) strongly modified the actin network, now localized exclusively along the plasma membrane, with a predominance of labeling at the base of the bleb formation. This rearrangement of actin distribution was different in cells from the definitive zone, corroborating the observation that these cells express many more Ang II type 1 receptors (AT 1 ) than AT 2 receptors. Taken together, our data indicate that the AT 2 receptor is involved in the apoptotic process observed in the human fetal adrenal gland and could participate in the morphological changes occurring after birth, leading to involution of the fetal zone. (J Clin Endocrinol Metab 84: [4722] [4723] [4724] [4725] [4726] [4727] [4728] [4729] [4730] 1999) T HE HUMAN fetal adrenal gland is morphologically and functionally different from both the adult adrenal gland and the fetal gland of non primates. The gland is composed of two specific areas, namely the fetal zone and the definitive zone. The fetal zone represents 85% of the gland and produces large amounts of dehydroepiandrosterone/ dehydroepiandrosterone sulfate. The fetal zone is surrounded by a thin layer of proliferating cells, called the definitive zone, which is devoid of secreting activity, at least during the first 15 weeks of gestation. A third zone, the transitional zone, is visible between the fetal and definitive zones. It has been proposed that the definitive zone eventually differentiates into the future zona glomerulosa and zona fasciculata. These changes are accompanied by a decrease in gland size, largely due to the disappearance of the fetal zone (1, 2) .
Several morphological evidences indicate that the human fetal adrenal gland is a very dynamic organ, in which proliferating cells located at the periphery migrate, differentiate, and finally undergo senescence in the central part of the gland. These indications stem from morphological examinations of picnotic figures (3) . This cell loss is correlated with the dramatic reduction in weight of the adrenal gland after birth (for review, see Ref. 2) . However, to date, there has been no detailed study of the process and control of programmed cell death (apoptosis) in the fetal adrenal gland.
It should be noted that the capacity for cell proliferation and cell migration persists in the adult gland. Indeed, according to previous studies, proliferating cells are located mainly in or near the zona glomerulosa (4), whereas apoptotic cells are predominant throughout the gland (5) , in the zona reticularis (6) , or in the zona glomerulosa (7, 8) , highlighting the ongoing controversies with regard to the zonation or cell migration theories (8) .
Among the factors known to modulate both mitotic activity and apoptosis is angiotensin II (Ang II), via its type 2 receptor (AT 2 ). Inherent to the properties of the fetal adrenal gland, there are now several lines of evidence suggesting that activation of the AT 2 receptor inhibits cell proliferation induced by growth factors and by stimulation of the Ang II type 1 receptor (AT 1 ) (9, 10). A second role described for the AT 2 receptor includes endocrine gland development (11, 12) , neuronal differentiation (13, 14) , and apoptosis (for review, see Ref. 15) . Indeed, Ang II, through its AT 2 receptor, was shown to initiate cell death and DNA fragmentation not only in neuronal cell types (16, 17) , but also in endocrine (18, 19) and other tissues (20, 21) . In the adult rat adrenal gland, apoptosis may be controlled by ACTH (protective effect) and Ang II (inducible effect) (22, 23) .
In the adult adrenal gland, Ang II is one of the most important factors involved in the control of steroidogenesis. To date, all of the actions of Ang II in the adult adrenal gland have been associated with activation of the AT 1 receptor, although 40% of AT 2 receptors are also present in the zona glomerulosa (24, 25) . A small proportion of Ang II receptors are present in zona fasciculata cells from bovine (26, 27) and human adrenal glands (24, 28) , which are involved in the regulation of cortisol secretion. In contrast, previous studies from our laboratory have shown that fetal adrenal glands from the second trimester of gestation contain a large number of Ang II receptors, mostly of the AT 2 subtype. The preferential distribution of the AT 2 receptor in the fetus, compared to the adult, has been observed in several tissues, including rat (29 -31) and human adrenal glands (24, 32, 33) . Moreover, all of the components of the renin-angiotensin system are present in the meso-and metanephros and in placenta chorionic mesenchyme (33) , suggesting that the AT 2 receptor may be involved in fetal development.
When cells undergo apoptosis, morphological changes, such as membrane blebbing, nuclear chromatin condensation, and DNA laddering, are the most commonly used criteria to characterize apoptotic cell death (34 -36) . Several pieces of evidences implicate cysteine proteases called caspases as important proteolytic effectors that cleave key structural components and repair processes, resulting in organized cell disruption (37, 38) . For example, actin-binding proteins and poly(ADP-ribose)polymerase (PARP protein) are known targets of caspases, such as caspase-3 (37, 38) .
The aim of this study was to establish a link between the large number of AT 2 receptors in fetal adrenal cells and proposed apoptotic activity in the center of the gland. We first verified the central localization of cells showing DNA degradation and demonstrated their characteristic apoptotic internucleosomal DNA fragmentation. We next studied the effect of Ang II on several of the characteristic events associated with apoptosis, such as formation of membrane blebs, fragmentation of chromatin, and PARP cleavage. Our results clearly indicate that the AT 2 receptor is involved in the apoptotic process observed in the human fetal adrenal gland and could participate in the morphological changes occurring after birth, leading to involution of the fetal zone.
Materials and Methods Chemicals
The chemicals used in the present study were obtained from the following sources: deoxyribonuclease from Sigma (St. Louis, MO); Ang II from Bachem (Marina Delphen, CA); collagenase, Eagle's MEM, and OPTI-MEM from Life Technologies, Inc.(Burlington, Canada); polyvinylidene difluoride membranes (Immobilon P) fromMillipore Corp. (Bedford, CA); anti-PARP antibody and anti-IgG antibody from Roche Molecular Biochemicals (Montreal, Canada); horseradish peroxidaseconjugated antirabbit IgG antibody and enhanced chemiluminescence detection system from Amersham Pharmacia Biotech (Oakville, Canada); TdT-fragEL kit from Calbiochem (Cambridge, MA); and Vectashield from Vector Laboratories, Inc. (Burlingame, CA). CGP 42112 was a gift from Dr. Marc de Gasparo (Novartis, Basel, Switzerland). PD123319 was obtained from RBI (Natik, MA). All other chemicals were of A grade purity.
Retrieval and preparation of glands
Fetal adrenal glands were obtained from fetuses aged 14 -21 weeks (postfertilization) at the time of therapeutic abortion. Fetal ages were estimated by foot length and time after last menstruation, according to the method of Streeter et al. (39) . The project was approved by the human subject review committee of our institution. After retrieval, glands were cleansed of fat and were either processed immediately for cellular preparation or quick-frozen in isopentane/dry ice and stored at Ϫ80 C until use.
Cell preparation
After fat removal, glands were processed as described previously (24) . Small pieces of whole glands were incubated in Eagle's MEM (supplemented with 100 U/ml penicillin and 100 g/ml streptomycin) containing collagenase (2 mg/ml) and deoxyribonuclease (25 g/ml) for 15 min at 37 C. Dissociation of cells was achieved by gentle aspiration in a sterile 10-ml pipette, then cells were filtered and centrifuged for 10 min at 100 ϫ g. Cells were resuspended in OPTI-MEM medium supplemented with 2% FBS, 100 U/ml penicillin, 100 g/ml streptomycin, and 0.5 g/ml mycostatin. Cells were plated in 100-mm culture dishes at a density of 3 ϫ 10 6 cells/dish for DNA fragmentation experiments or on plastic coverslips coated with poly-l-lysine at a density of 5 ϫ 10 5 cells/dish for immunofluorescence studies. The cells were cultured at 37 C in a humidified atmosphere of 95% air-5% CO 2 . After a 24-h resting period, cells were incubated in culture medium in the absence or presence of Ang II and/or analogs for various time intervals.
Internucleosomal DNA fragmentation studies
Analysis of internucleosomal DNA fragmentation was performed as previously described (40, 41) . In brief, after collecting both attached and floating cells, DNA was extracted with 0.5% Triton X-100, 10 mmol/L ethylenediamine tetraacetate, and 10 mmol/L Tris (pH 7.4). Lysates were three times phenol/chloroform extracted, ethanol precipitated, and analyzed on 1.5% agarose gel containing ethidium bromide. Separated DNA was visualized under UV light.
Western blotting of PARP
Samples from organotypic cultures of fetal adrenal glands were solubilized according to the procedure of Lazebnick et al. (42) . Portions of adrenal glands were minced into small fragments and homogenized in 3 vol Tris-HCl buffer containing 5 mmol/L ethylenediamine tetraacetate, 5 mmol/L ethyleneglycol-bis-(␤-aminoethyl ether)-N,N,NЈ,NЈ-tetraacetic acid, 1 mmol/L dithiothreitol, 0.5 mmol/L phenylmethylsulfoxide, 10 g/ml 4-(2-aminoethyl)-benzenesulfonyl fluoride, 5 g/ml leupeptin, 10 g/ml pepstatin, 10 g/ml N ␣ -p-tosyl-l-lysine chloromethyl ketone and 10 g/ml N-tosyl-l-phenylalanine chloromethyl ketone. After 10 -15 passes at 4 C, samples were aliquoted, quick-frozen in isopentane/dry ice, and stored at Ϫ80 C until use. The solubilized proteins were analyzed for content using a modified Lowry assay.
FIG. 1.
Internucleosomal DNA fragmentation in normal fetal adrenal glands. Glands from fetuses at 14 -19 weeks gestation were frozen immediately after retrieval. DNA was extracted, analyzed on agarose gels, and visualized with ethidium bromide staining, as described in Materials and Methods. Low molecular weight DNA (multiples of 180 bp) is representative of nucleosome formation in normal adrenal glands from fetuses after 16 weeks gestation. Results are representative of three independent determinations.
Whole cell protein samples (20 g) were run on 12% SDS-polyacrylamide gels (100 V, 45 min) and semidry transferred onto polyvinylidene difluoride membranes at 0.55 A for 2 h. Blots were blocked with 1% gelatin in Tris-buffered saline (pH 7.5), washed three times with Trisbuffered saline-Tween-20 (0.05%) and probed with the anti-PARP antibody (1:1000 dilution) overnight at 4 C. After five washes, detection was accomplished using horseradish peroxidase-conjugated antirabbit IgG antibody and enhanced chemiluminescence detection system.
In situ DNA fragmentation studies
In situ DNA breakdown in whole glands was measured as described by Tilly et al. (43) . Frozen glands were mounted in chunks and sliced into 5-m sections using a cryostat at Ϫ20 C. The sections were thawmounted on gelatin-coated slides, placed for 30 min on a 37 C heating ramp to remove humidity, and processed for in situ experiments. The method used was similar to that of the TUNEL [terminal deoxynucleotidyl transferase-mediated deoxy (d)-UTP nick end labeling] method, but was performed with dCTP rather than dUTP nucleotides to label free 3Ј-ends of DNA. In brief, we used terminal deoxynucleotidyl transferase (TdT-fragEL Kit) to assemble biotinylated dCTP nucleotide at the 3Ј-extremities of double stranded DNA. Nuclei were detected after 3,3-diaminobenzidine revelation by an increased brown coloration in the case of strong DNA fragmentation.
Actin immunofluorescence
For immunofluorescence studies, cells were grown on plastic coverslips or petri dishes coated with poly-l-lysine (Starsted, St. Laurent, Canada). After a 24-h resting period, cells were treated for various time intervals with the appropriate stimuli. For visualization of microfilaments, cells were fixed for 20 min in 3% formaldehyde in PBS buffer, permeabilized for 10 min in PBS-0.1% Triton X-100, and incubated for 20 min at room temperature with 1 U rhodamine/phalloidin solution as described previously (44) . After three washes, coverslips were mounted in Vectashield mounting medium and examined on a Nikon DM 400 microscope equipped for epifluorescence using the G-2A rhodamine filter (Nikon, Melville, NY).
Confocal microscopy
Cells were examined with a scanning confocal microscope (NORAN Instruments, Inc., Middleton, WI) equipped with a krypton/argon laser and coupled to an inverted microscope with a ϫ40 oil immersion objective (Nikon). Specimens were excited at 568 nm, and the emitted rhodamine fluorescence was measured at wavelengths greater than 590 nm. Optical sections were collected at 0.25-m intervals with a 10-m pinhole aperture. Digitized images were obtained with 16 times line averaging and enhanced with Intervision software (NORAN) on a Silicon Graphics O 2 workstation.
Results

Presence of apoptosis in the fetal adrenal glands
Patterns of internucleosomal DNA fragmentation were compared in whole adrenal glands from fetuses between 14 and 20 weeks of gestation. Figure 1 shows that before 16 weeks gestation, there was no sign of apoptotic fragmentation, whereas it increased in fetuses aged 16, 17, and 19 weeks. The localization of apoptotic cells was examined by TUNEL. As shown in Fig. 2 , the majority of the apoptotic cells in frozen intact glands were observed in the central portion of the fetal zone. No apoptotic nuclei were detected in the definitive or transitional zones ( Fig. 2A) . Only occasional cells located in the peripheral region surrounding the gland, i.e. around the neocortex, were stained positively for apoptotic labeling. The number of apoptotic cells increased from the periphery to the central portion of the gland (Fig. 2, B and C), with maximal apoptotic labeling observed in the center of the fetal zone, where the tissue exhibits a low density of hypertropic cells (Fig. 2, D and E) .
Effect of Ang II on DNA fragmentation
We then examined whether apoptosis could be observed in cultured cells (from adrenal glands at 17-20 weeks gestation) and whether Ang II stimulation could influence this cell death. After 24 h of culture, cells were stimulated for another 24 h without or with 100 nmol/L Ang II alone or in combination with analogs. Ang II slightly increased internucleosomal DNA fragmentation compared to that in control cells (Fig. 3) . However, this effect was more pronounced when cells were treated with 10 nmol/L CGP42112, the AT 2 receptor agonist, or with Ang II and DUP753 (1 mol/L), the AT 1 receptor antagonist.
Effect of CGP42112 on PARP cleavage
Cleavage of the DNA repair enzyme (PARP) into inactive fragments by cysteine aspartate proteases (caspases) is known to contribute to apoptosis (37, 38) . Hence, we verified whether AT 2 receptor activation could affect PARP. Western blot analysis using an anti-PARP antibody revealed that this protein was cleaved in gland quarters from fetuses at 18 and 19 weeks gestation cultured with 10 nmol/L CGP42112 for 24 h (Fig. 4) . This protein was detected in the form of a 116-kDa band protein corresponding to the native protein in nonapoptotic gland quarters and in the form of a 90-kDa band protein corresponding to the long fragment of PARP after proteolysis.
Effect of AT 2 receptor activation on the distribution of microfilaments
When examined under phase contrast microscopy, 2-day treatment with 10 nmol/L CGP42112 reduced the number of fetal cells attached to the substratum (Fig. 5, B vs. A) . In fact, cells had to be cultured on poly-l-lysine-coated petri dishes, otherwise all CGP42112-sensitive cells detached easily. Moreover, remaining cells adopted a rounded shape, presented several blebs at the periphery, and were observed exclusively on the steroidogenic fetal cells.
Several studies have shown that modification of cytoskeletal integrity is itself an apoptotic signal (36, 45, 46) . It was also shown that actin fibers are a primary target of hormonal action, facilitating second messenger production, in particular in the case of Ang II (44, 47) . We thus examined cytoskeletal organization in definitive and fetal cells stimulated with Ang II in primary cultures. Both adrenal gland cell types are easily identifiable by their size and cytoskeleton (Figs. 5 and 6) (48). Cells from the fetal zone (20 -50 m) have a well organized network of thin stress fibers, crossing the entire surface of the cell, masking the nucleus. A thin cortical ring of actin fibers was visible in most, but not all, cells (Fig. 6A) . A 1-min stimulation with Ang II induced a rapid increase in actin fluorescence labeling at the membrane, without any significant change in the stress fiber network, compared to that in control cells (Fig. 6, B vs. A) . A 2-h incubation, on the other hand, induced a loss in the rigidity of actin fibers and disappearance of actin labeling over the nucleus, making the latter more clearly visible (Fig. 6C) . When CGP42112 (10 nmol/L) was used to stimulate only the AT 2 receptor, the effect was comparable to that observed with Ang II (Fig. 6 , D and E), except that the wavelling appearance of actin fibers was seen as early as 1 min of incubation (Fig. 6D) .
To visualize the relationship between actin network and bleb formation seen in 2-day treatment with CGP42112, cells were examined by confocal microscopy. Three-dimensional reconstitutions of serial sections clearly showed membrane blebbing in CGP42112-treated cells (Fig. 7 , B and C) compared to control cells (Fig. 7A) . Examination of serial sections indicated that in control cells, actin fibers are present over the entire cytoplasmic matrix (Fig. 7 , Ab and Ac), with a small ring of actin at the membrane level (Fig. 7Ad) . In apoptotic cells the intracellular actin network had completely disappeared (Fig. 7 , Ba to Bg and Ca to Cf), and membrane blebbing was evident. Actin fluorescence was intense at the cell membrane, with a predominant accumulation at the point of initiation of bleb formation (Fig. 7 , Bb to Bg and Cb to Cf). Figure 7C shows three cells, all differentially affected by CGP42112. Although the cell in the center (cell 1) exhibited cell blebbing, the cell on the right (cell 2) remained insensitive to CGP42112 application, whereas the cell on the left (cell 3) revealed a more precocious effect, limited to a wavelling appearance of actin fibers.
Cells from the definitive zone were smaller (10 -20 m) and clearly different from the fetal cells. Control cells were characterized by an intense ring of actin labeling around the membrane and thin cytoplasmic stress fibers (Fig. 8A) . After a 1-min stimulation with Ang II, actin fibers became evident in cytoplasm and decreased at the membrane (Fig. 8B) . When CGP42112 was used as stimulus, no evident modification in the actin network was visible, either after 1 min or 2 h of incubation (Fig. 8C) .
Discussion
The effect of Ang II, via the AT 2 receptor, on the induction of apoptosis was established by the observation that Ang II and CGP42112 could initiate internucleosomal DNA fragmentation and cleavage of the PARP protein in gland quarters, two important indicators that the execution phase of apoptosis had been induced. Immunofluorescence studies revealed membrane blebbing and important modifications of the actin network, both limited to the fetal cells, indicating that this particular area is the target of Ang II action as far as apoptosis is concerned.
Programmed cell death or apoptosis is a physiological process essential in several aspects of tissue physiology not only for elimination of transformed or damaged cells, but also in the organization of developing tissues (34 -36) . Our results demonstrate that apoptotic DNA fragmentation appears after 16 weeks gestation and increases during the entire second trimester, suggesting that the apoptotic process is present and efficient early in gestation. Based on morphological criteria, some previous studies reviewed by Mesiano et al. (2) and supported by more recent data (49) indicated that apoptosis could be responsible for the involution of the fetal zone after birth. Using the TUNEL method to detect fragmented DNA in situ, we demonstrated that apoptosis occurs mainly in the center of the adrenal gland. This distribution is consistent with previous morphological observations on the process of adrenal gland development, whereby cells proliferate at the periphery, migrate centripetally, then differentiate into fetal zone cells followed by apoptosis (2, 3) .
The distribution of apoptotic cells in frozen glands corresponds to the pattern of AT 2 expression previously described by our group (24) . We thus examined whether Ang II could be involved in this apoptotic process. Two approaches were used, gland quarters to preserve cellular integrity (23) and cell cultures to study Ang II effects on individual cells. We demonstrated that stimulation of the AT 2 receptor by Ang II or CGP42112 not only increased DNA fragmentation, but also induced cleavage of PARP, one of the earliest enzymes to be impaired in programmed cell death. Indeed, in the apoptotic process, DNA fragmentation is the result of an activation of deoxyribonucleases by caspases, and PARP cleavage is the result of caspase-3 activation (37, 38) . This suggests that stimulation via AT 2 receptor leads to the activation of the caspase-3 family of enzymes, supporting previous studies indicating that the AT 2 receptor induced apoptosis (16 -23) . The role of the AT 1 receptor was also suggested. For example, in ventricular myocytes, apoptosis was mediated by AT 1 receptor, but not by the AT 2 receptor (50 -52). However, in our studies, coincubation of Ang II with the AT 1 receptor antagonist enhanced the effect of Ang II, indicating that the small proportion of AT 1 receptors present in the fetal adrenal glands had no effect on apoptosis or antagonized the effect mediated by the AT 2 receptor. These observations confirm previous studies of the opposite functions mediated by the two receptors (9, 10, 13).
Our immunofluorescence studies conducted on single cells clearly indicate that the fetal cells are targets of the AT 2 receptor-induced apoptosis. Ang II caused actin reorganization, followed by important morphological changes, characterized by membrane blebbing. Cytoskeleton organization has been identified as a key regulator of apoptosis. Filamentous actin is necessary for blebbing and formation of apoptotic bodies (53) . Our results indicate that after AT 2 receptor stimulation, filamentous actin is more abundant at the base of blebs, corroborating previous observations conducted on stimulus-induced apoptotic cells (54, 55) . These modifications of the actin network from cytoplasmic distribution to exclusive membrane localization may be due to the actions of caspases. Indeed, recent work suggests that actin-binding proteins, such as fodrin, gelsolin (56, 57) , myosin (the myosin light chain) (58) , and/or actin itself (56, 59) , may be subject to degradation by caspases or calpains, another protease recently identified for its implication in membrane blebbing and cytoskeletal rearrangements (60) .
All of these data indicate that the high expression of AT 2 receptors in the fetal zone may be correlated with the high level of apoptosis present in this area of the adrenal gland during development. The molecular mechanism of the signaling pathway for AT 2 -conducted apoptosis remains to be determined in the fetal adrenal gland. In a number of studies, it has been shown that the AT 2 receptor inhibits MAPK activity (p42 mapk and p44 mapk , ERK1/ERK2), an action mediated by activation of the tyrosine phosphatase SHP-1 in N1E-115 neuroblastoma cells (61) , serine-threonine phosphatase PP2A in rat brain neuronal cultures (62), or mitogenactivated protein kinase phosphatase MKP1 in PC12W and R3T3 cells (16) . With regard to apoptosis, Horiuchi et al. have shown that the AT 2 -mediated activation of MKP1 leads to the dephosphorylation of the antiapoptotic Bcl-2 and up-regulation of proapoptotic Bax (63, 64) . In endothelial cells, AT 2 receptor stimulation of apoptosis was associated with the activation of caspase-3, and nitric oxide donors completely reversed Ang II-induced apoptosis (20) . Another recent study implicated ceramide as a new effector of AT 2 receptor action (65) .
How can a single factor, such as the AT 2 receptor, control initiation of apoptosis (Refs. 16, 18 , and 19 and this study) and initiation of cell differentiation, such as steroid secretion (12, 18) or neurite elongation (13, 14) ? In fact, all of these processes involve common or similar intracellular pathways that ultimately converge on mitogen-activated protein kinase activity. Transient vs. sustained activation or inhibition will, in fact, induce, respectively, proliferation, differentiation, or cell death. In addition to specific interactions with other hormones or growth factors, we propose that environmental cues could together orient cell decision through one of the three described functions. An action on microtubules, which are known to play an important role in apoptosis signaling, could also be expected (66) . In the present study, we show that in vivo, apoptotic cells are localized in a zone of the fetal adrenal gland in which AT 2 is strongly expressed. Our results also indicate that specific stimulation of the AT 2 receptor promotes apoptosis in cultured fetal adrenal cells. However, no DNA fragmentation was detected before 16 weeks of fetal life, even though AT 2 receptors are present throughout the entire cortex during this period. This may be explained by the fact that not all factors involved in the apoptotic pathway are present or functional at this age, or that other specific functions are associated with AT 2 receptor activation, such as steroidogenic activity, as described in other tissues (11, 12, 18, 67) . Indeed, one of the remarkable properties of the fetal zone is to produce large amounts of the androgen dihydroepiandrosterone during the second trimester of gestation, and this differentiated function is associated with a decrease in cell proliferation, an action in which the AT 2 receptor is also known to be involved (10, 68, 69) . The other action associated with AT 2 receptor activation (in addition to an inhibitory effect on proliferation and promotion of apoptosis) is a role in neuronal differentiation (13, 14) . Because AT 2 receptors are also present on chromaffin cells, such an action could also be expected.
This work is the first to demonstrate hormonal induction of apoptosis in the human fetal adrenal gland. We demonstrate that Ang II stimulation, via the AT 2 receptor, in cultured human fetal adrenal cells induces a rapid and sustained reorganization of the actin network. This rapid effect (within 1 min) suggests that the cytoskeleton is not only a target of Ang II action, but that it may also participate in the cellular signaling of the AT 2 receptor. This actin reorganization is durable, indicating that AT 2 receptor activation may also induce a cascade of cellular events leading to an activation of caspases targeting actin microfilaments. Taken together, our results indicate that apoptosis is present in human fetal adrenal glands as early as 17 weeks gestation and increases during at least the following 4 weeks. More importantly, our results indicate that activation of the AT 2 receptor of Ang II stimulates this programmed cell death, an action antagonized by the AT 1 receptor. The high level of expression of the AT 2 receptor together with its drastic disappearance after birth clearly suggest that this receptor is involved in adrenal gland development.
